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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce a grain boundary and at the same 
time reduce the generation of electromigration and hence prevent the 
rupture and crack of wiring by composing the wiring that is formed at a 
groove with a barrier metal layer on a surface being provided on an 
interlayer insulation film with a Cu alloy containing a specific amount of 
metal in Cu. 

SOLUTION: Gu wiring 100 formed at a groove 10a with a barrier metal layer 
2 on a surface while being provided on an interlayer insulation film 10 
formed on a semiconductor substrate 10 is composed by a Cu alloy 1 
containing at least one of Ag, As, Bt, P, Sb, Si, and Ti. The content of the 
metal should be equal to or more than approximately 0,1 wt.% and less than 
the maximum solid solution limit for Cu. Since the melt point of the Cu alloy 
1 becomes lower than that of Cu from the above, the particle diameter of 
the Cu alloy 1 can be increased and the grain boundary can be reduced. 
Also, since a grain boundary 3 can be formed in the longitudinal direction 
(arrow A) and the vertical direction of the Cu wiring 100, the mass 
transportation path of Cu can be reduced and the generation of 
electromigration can be reduced. 
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jEdc-rsmg^ «t«.s/— l»j||±'jccu«*»*-r*x«| 

u a c *t b x mm m * n -5 x j§ t * # b t & s r t * *f§ 

C/ty r>t*;u»*jfcll-r<&xg.l;. Mo, Ta, w© 
jpstmx-r-Bxsi:, iuiBcuSic^-bT^Ma^fi 1 

[0 0 0 1 ] 

[^*©i£«] 

[0002] jg^, lsi mo^mfommiz, 

£A#ttft#g»6*vri^«. iffl*#^g©S5*ffi 
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[0 0 0 4] tpT?*Cuf*, *«JSia#Al©Jfi2/3 
hffiMfe»Alfcj±^TS;»^J«£^< ZZZtifiX 
ft> ja-^U^A 1 * *) * 4 0 0X^±i6SV'*feto3i V^ 

tt«*»x*ARJ:^"*i*ittftL s 1 eommunt bT 

W*r^i^tLTV>5o 
[0 0 0 5] b*»bfc#£, SBi^ifl^O. 3^mggS 
-£«IBHb£tlT< «i5Ci.5L CufrfeJ&filtSftfc 
i0 SBSU (JBiT* rcullj kn) tfeoT„il/^h 

< &oT^T^So mFlB^b^ t- n?^f^l/->a >® 

<TZZ£.1fimtf 6tuS. CuCgStgt^l 
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^a©Mii^^#M¥ 5 - 4 7 7 6 0 ^#!S¥ 1 
0- 6 0 6 3 3^CM^$nT^S, 
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c t*s-e#5^ffi*s.^:.to*)tis A^tftot tTV^o 
SuilibfcJ: »3**#;*«±fcCu©^JP*ii« 

ic ^*#a«j;fc;»jtit$nfei6»MJtt:j|i*je« b, 

ffd^J * JF$ fig i" s ^ m ifim^ $> tlS <fc 5 £fc jSTV^ 

ft * * *at ^ *. ■ s - i: fc «t \3 ss u mmm rak 

Siatl^Mtr^t 5 i 1 5 . »S^»fc 

<fc ft fe tife^*© C u BB^^VausBfe*© C u 13®© 

40 [ 0 0 0 7 ] huIB C uIBHttEl 5 fc^.$tl« «fc 5 t> C 
u«4 1 ©±Mg|5 4 0 0 aJ.m©^ffl*3tt)Htr<ta {3 

>>ty T*ir;vB2 ASBfig^tiT^So -r^fo-fes CuiB 

I4 0 0li, Cuf4U, CuJf4 1 ©±ffl95 4 0 0 
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£i:#-e£S, HtiaBCuK^fflft^lRl («SK 

m±© id t Cu^fflSSS^t < b#|**'J>fc < -r 
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• llS©^^M : £^gM■rscIi:^-egftv^^i#^^>^^So 
40 — ^, MsBCu-^-^iCa^tlSAg, As, Bi, P, 
Sb, Si, T i©5-£>'J>ft < fc'fe loisCuKMtS 
I*SIM±t|iai^ C*b? ) ©inliA s Cui:'(tl-& 
**JB«-bTb*V^S»©«if • «^©^S*s#^^tl 
So bfc*s-3T, ±8B«fiK*Wf **taWSBlffl«W<D 
« <t * .fc , #*0&K±K JK«* »«« 

S»£ C u«»vyjBJ«S*t-t ft b , hu83 C uMliA 
g, As, Bi, P, Sb, Si, T i © 5 VJ>ft < £ 

Mo^o. ifia%w±, cufcM-rs«^HSPs* 

50 i§©«SBf^# f5Cu i&ATWJ** *tT V^ S £ t «t 
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fc i*s BBSS * £ *5 tt S C u © |£tl[ % +#jmfij -T 5 C £ # 

# 1 .S«%W±Tf»5«-S-tttv IB^ffiK* s ±#bT b 

Os Ta s Wtt^f :Ht>Cu£^{b-r5£i:fc< Cu 
©tWX.tt«P l 3fc:#as*-5. l/fc*oT±gM*tt 

s 2 ©»w ©#*:*** feists ^mfoms. 

**l#»*SftIfi«»CCu SB^^Sfig $ fix & 
»K UBBCulBMttMo, Tas Wffi -5 < i: *> 1 

oai^O. 111X81, lli%*l.fflfi-Ct# 

*«■**• s c i: **tj t 5 a c u © mn&t&tfizmm t 

±JMftt4£i:fe< CufflH*|&il^ffliSiJ-rsCi:*s-t? 
IS, cutfcj;-*), icj^'Fnv-f ^V— ^3>©|8£ 

*ffi«-rs c fcT-iB«©mir • *«■©»£*'>& < -rs 

[0 0 16] Sfes #iBH!B3©*6IS8U *3«««± 

Sigh, Ags As, Bi, Ps Sbs Sis Ti© 
o%>P*£< b<b lo#Cu*:-g-#$;frTfc.&5"- FS£ 
bwsB^" 9?^? ;v« ±fc»*1" * XS i* » ml IB ~> - F 

{csnx-rsxg^s ffimcu.mizM\sxmw>m*fT 
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i: s iu mm ©*ffi I:mi;7^?;HS sKMt 5 ii 
Ag, Ass Bis Ps Sbs Sis Tiffl^'M< 
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a 9 * m ± fc ^fiK -r s xn h s bu iB ^> - y m ± t c u m 

ZmmirZ xg fcs wiiB G u H * W% ©JP ^ JP Xf 5 
xfi s Wffi cuiwi t i^ffla * ff 5 x® i: £ # b 

T^SuhfectD, Ag, ASs Bis Ps Sbs S 
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J6^jeffi©fi|±* EI S £ i: *5T- g S o 
[0 0 18] Sfes *itJ«*4©#BWtt, *«ft^«± 
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SXighs MOs Tas W05%'M<t*lo«±* ! 
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izmm-rzxmk.. BuiB^-Fg±iccuji*-rsxg 

iis iufBCuJB*3f^©^${s:ibax^-5X@ts fluiBG 
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[oo i9] iffipj«*wr«*ta»i»4ffl*fl©** 

#:^g©«3l^Sfc =fcs hs ^?IMMS«±fc^*.**v& 

t s hu sb» © aim k / 1 y r ^ ^ xu m * mm t-z^mt. 

MOs T as W©5 V>&< lo«j2#Cu£-g-# 
* *LT * S 5/ - F S 4: UlTffi; t 'J T ^ * ± tjgJES f 5 
igi:, Suffix— KlltCul^tSigbs iuffiC 
u s * 3f ^©js $ fcsnx-r s is h s huSB cuic*fi 

T^jjaiSi^ff oXgh^^bT^SC fcfcct tJs MOs 
30 Tas W©dt>'i>*< hi) loJii±#CuC^#£*lT 

§ S fc #>£ ^ffi © |q| ± * III 5 £ t ifiX § S o 
[0 0 2 0] 

[»Ui©*Jfi©J&»] J»T> **SW©» 1 ©JteStfflJKJB 
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©*aB©^»»*«W^«S*#-l*SBStF**#:^B 
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.«fc:«*^*i*ss;«©— «jtxe*^-riaTf*-5» 

[0 0 2 1 ] *»fflIItiS«ftfIli@ l £^ 

j»n8J:at:» ***««o±fc»iifc$*tfcJiiH«ii»K 
l ottatte.tis «fflfc>'tyr^^;i/Ji2 AsmjES^tvfe 

HQ aCCuill 0 0#JMSo£ftT&3o CslT?, 
C U'JBM t tt C u *"&«f *T»TJ tuft; E»* VHn, 

* fe s cu tttcu * -gfrmm $ ftx ta a ^ * 

% suffiCuiBi® 1 0 OliAg, ASs B is Ps S 
bs Sis TifflH*&<t*l-3^t5Cu^ 
50 #l-e«A^ttt^So MV7^^;H2(iCu^l 
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CuMl ©±fflSB 1 0 0 a^CDSI*S8t§ &o 
tzj&j&S titz^ JVM 2 £ £ # IT & $ p 

*&)VM2 it Cu tfflBlfitiiK 1 0 Xtt#«MM£« 0 fc 
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0 #|R£ £ *L3fc*»ttSE« * S* * jEH B * B 1 ( a ■) 
■fcs Ull (a) izm^ti^Cnmmi QQ»»<Dtk*m 
*@1 (b) fc s II (a) £:«»n$^««lt*<D9 

%cu«ii o-o»****fflbTs%bft:*MBB*ia.i 

(c) \Z S Mil (c) W$ft5CuB»lOO0 

b-b'- m*&©»f.HH*ia i (4) *ti**i^-r« *u 

sBCuBBjH lOOit Ags As, Bi. Ps Sb, S 
i. T i<9 5?>4>fc< fc* 1-^3* 0. 1M%8Ui> C 

.JlSAgs As> Bis Ps Sb, Sis T i(Do % f i> 
v>;fcto C u ^cDttS*** < & 6 f J&!f£4>ft < 

E^coiesf • c-fc/^-e* 

&Vkfc#;t £>*x3o ^ Ml 3 C u tlft £ ft £ A 
g\ As, Bi, Ps Sbs Sis Ti0^ ; J>^<^ 

0) 7C* » C u J: l/T b * ^B»©«(f • 
ttaclBS^itfenSo tt±fciD> WBCu-Eil 
OOtts Ags As, Bis Ps Sbs Sis T i <D o 
%W<Mlo40. lMXfiUu Cut»t*i 
*a*R*«©fBBTf#*-t-A C u^ 1 tI«3tiT 
VA&CfcCifciK HI (b) £U .8533 C 

l ©a^^cu^a^ct d w«n*wcu« 

< b***^fc<r*Cfc*TffS3,i £ 
fefcU Ell (d) JcSs£*iS busBCuBMR.I 0 

£ £ **T # £ fe #> C u CDjfMjaSISB« 'J>& < b^ v * 
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S £ b T » S £ £ ft T g 5 o 
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ittffl b-J&» *»«©iSTttll^(Z),ffiT bT V^ ^> fe 

^ TfeStV^^t^tt-So -*s CuCft^t^B 

iiz w±©Ag«inLfei^ Ag#-.»**ft* 

tlf K«f ffl bT b* a d k*%»«tt tffiT-T 5 Z£& 
6ft3.o LWot, Cu,i:#t§l*HMZ* 
SI CD A g * C u«: «JD bT C u>&&*JKjaf § C k fc «t 
■5 s C u fc A g#«/ht:B»'rafc»JB^*Tfcf 5C k 

bfe*5s Audits Ass Bi. Ps Sb N S 
is T i^CuhcpBT^Mt^i^feotfe 
Ag- Cxi*#*©»^kH«©liBK:ct *)^v>7 h n 

M&*m*rz*mfomm£ vxmzz£iPT* # * . 
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M) , CMP ( C h e m i c a 1 M e c h a n i c a 1 
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#jr0 o ccMMiSff^t*^ cmp jaa^ffd 

£tl,3Ag, As, Bi, P. Sb, Si, Ti##C 
uJl 1 2 t^fcffijR-r SC^fcJ; *3, *4#©ifc#'J>& < , 

MoHugncuiiiiii o orajs^iei (&epa) i-.siH# 

So 

[0 0 2 6] 2 ©^ffiCDff^fc^S* 

(IB 2 © *&£ffi><l) 0 4iis #Sfefe©fg2©*ffifflJfcJl 
[0 0 2 7] *3ISg©^C^S4 i **^i:aEI4 lew 

&3}§1 0 aK Cuia«2 0 OA^i&^tlT&So lusB 
Culi2 0 0tiMo, Ta, W© 3 t>'>& < £: * 1 -=> 
W±4MtSCu^2 1T«#IJj£;**ITI^So -T&fc 
Cu^2 l©_tffig|52 0 0 a^©OT4«t5I 
$f «fc a £ M U * ;yjg 2 *sj^J5ic $ tlT * 3 . $ £ Ci 
dt5 i:, CuBBiS2 0 0{* > CuA42 1 t. Cu& 
^2 l©±Wgg2 0 0 a£W*!©.Sffl*-i3i»3--6£--5fcfl& 

[0028] cc?, xmrnoawmizfoz c una 2 0 

0 tf&B $ flit *M|#ittt$ ^ -r jEHH * 0 4 ( a ) 
C, 04 (a) C^^tvS CuR«g2 0 Og|5#©|£;*;0 
£04 (b) fc. 04 (a) fc^^^xS ###:««© ^5 
%Cuffi82 0 O^#4a#fflbT^Lfe*4S|0£04 
(c) {3, MI4 (c) iC^^tlS CuB3l£2 0 0© 
B-B* Bfr£>©Sr®0£04 (d) ^tl^ft^-J-, M 
o, Ta, Wi*Cufci§h&{b CuffiJKSf-X 
Ii»ftt:#at55i, cuj; ^SR#*gv->fe«>fluf3 

CTi^rtfc^^TCufcJtWEl/T^ftAsav^ C©d 
tfrbs MaaMo, Ta, Wf®f^2 4#Cu^0 
3ttWfc*fiB-r*C fc C=t !> Cu©tg«*WifWf-S C 
•PIS (0 4 (b) #M) o $?>C, t«SirC#Cu©l 

Kit), il/^hnv^yi/->3>ffi|6S§fiit5 
££T*BBi8S©«a»T • «WD*£*il>tt < ts^i^t 

[0 0 2 9] vldT-s Cu^2 l^t^^Mo, 


Ta, W#0. lli%*it^5!;, CufflfiWW 
m?Z>Zt&T"%?. x-Vi? hP?>f^l/-i'3 >©% 
^+^Cffiits;fc#TtS:^, Cu^2 

1 tf t-g-StlSMOs T a, W# 1M%W±T'&3 

c u .©ia*tt8S#:*:s < * & * *«**«ffiT lt u 

C uffi«©««tt^ftTf5o Lfe#oT, Cu£r 
£2 1 *.fctSftSMo, T a, Wfcfc 0 . 1 ft*XJU 
_t, 1 B«%*#o©i!HT* C u^2 1 fc^Stl-S C t 

10 [0 0 3 0] fife, B4l:^tl8t**8itt, 02 
K^#ft***«©»i.©*jli<o^|BK:«a2|&«M*ciS!« 

>— F« 1 1 fcUT-, Mo, T a, W©5*>'J>&< 

t<fe l ^^±*^*-rscu*«vv-r«i«6©«jtxst 

it), 0 4 i;:^ £ ti £ *m<£$i&%& Sii: #"T? 1 5, 
[0ffl©«i»&afcfi] 

[0 i ] i (DmMvftmimz^mfomm 

[0 2 ] Ag - c u© 2 mfr&&Mfo&w<DV!:m®-e 

20 

[03] *«^©^i©^S6©^t«3^#^e 
[0 4 ] 2 (Dnmomnizmz *mi*.mm 

[0 5 ] fi£*©**flE»K©-«4^-rsi-CAS. 

[0 6 ] $£*(&*#MMs«©-«jaxa*^-rHTf * 

0 

5(7 1-21 CuM 

2 /1V7**Jl>m 
3 

1 0 

loa m 

11-211 Fg 

1 2 Cui 

2 4 M o • T a • W^ffl 

4 1 CuJB 

40 4 3 ttHl 

100-200-40 0 Cu IHi^ 

1 0 0 a • 2 0 0 a • 4 0 0 a ±® 

w mm (cu) 

x 

y 

z *^B»« 




